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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to thin
film energy storage devices, and more particularly to
large area energy storage devices with high power and
high energy.

BACKGROUND OF THE INVENTION

[0002] Energy storage devices include a wide range
of devices such as batteries, thin film batteries (TFBs),
capacitors, supercapacitors and ultracapacitors. These
energy storage devices are used in a wide variety of ap-
plications including micro-power sources (for micro-sen-
sors, smart cards, real time clocks, etc.) and larger pow-
er/energy sources (for cell phones, PDAs, laptops, power
tools, transportation, heavy industry, power generation
and transmission, complementary energy storage for re-
newable energy generation, etc.).
[0003] Despite a great deal of effort within industry and
the scientific community, there remains a need to im-
prove the following attributes of energy storage devices:
the power delivery ability; the energy storage capacity;
the large area scalability; and the manufacturability.
Therefore, there is a need for concepts and methods that
can significantly reduce the cost of manufacturing and
the performance of energy storage devices.

SUMMARY OF THE INVENTION

[0004] In general, embodiments of this invention pro-
vide readily manufacturable, high power, high energy,
large area energy storage devices. The approach of the
present invention includes, but is not limited to, the use
of processes compatible with large area processing tools,
such as large area coating systems. The approach of the
present invention also includes, but is not limited to, the
use of linear processing systems compatible with flexible
thin film substrates. The energy storage devices may in-
clude batteries, supercapacitors and ultra-capacitors,
whose basic structure is comprised of a positive elec-
trode, a solid state electrolyte, and a negative electrode,
and may also include negative and/or positive terminal
current collectors. Embodiments of the energy storage
devices described herein may be comprised of positive
electrode materials with high charge capacity and high
voltage capability, negative electrode materials with high
charge capacity, and electrolytes with high electrochem-
ical stability, high ionic conductivity and very low electrical
conductivity.
[0005] According to aspects of the invention, a method
of manufacturing an energy storage device, where the
energy storage device includes a multiplicity of cells in-
tegrated on a substrate and the multiplicity of cells are
electrically connected in serial, comprises: providing the
substrate; depositing layers corresponding to a thin film

energy storage device on the substrate, the layers in-
cluding, in order of deposition, a current collector, a first
electrode, an electrolyte and a second electrode; pattern-
ing the current collector to form a multiplicity of current
collector stripes; patterning the first electrode to form a
multiplicity of first electrode stripes, each of the first elec-
trode stripes being on top of a corresponding one of the
multiplicity of current collector stripes; and patterning the
second electrode to form a multiplicity of second elec-
trode stripes, each of the multiplicity of second electrode
stripes corresponding to one of the multiplicity of first
electrode stripes; wherein each of the multiplicity of elec-
trically connected cells comprises one of the multiplicity
of current collector stripes, the corresponding one of the
multiplicity of first electrode stripes, the corresponding
one of the multiplicity of second electrode stripes, and a
corresponding portion of the layer of the electrolyte. The
multiplicity of cells may be configured in a serial chain of
cells, and the current collector stripe corresponding to
one of the multiplicity of cells is electrically connected to
the second electrode stripe corresponding to the cell ad-
jacent to the one of the multiplicity of cells.
[0006] According to further aspects of the invention, a
second method of manufacturing an energy storage de-
vice, where the energy storage device includes a plurality
of cells integrated on a substrate and the plurality of cells
are electrically connected in serial and in parallel, com-
prises: providing the substrate; depositing layers corre-
sponding to a thin film energy storage device on the sub-
strate, the layers including, in order of deposition, a cur-
rent collector, a first electrode, an electrolyte and a sec-
ond electrode; patterning the current collector to form a
multiplicity of current collector stripes; patterning the first
electrode to form a plurality of first area electrodes on
the multiplicity of current collector stripes, the plurality of
first area electrodes being formed in a multiplicity of first
area electrode rows, each of the multiplicity of first area
electrode rows corresponding to a different one of the
multiplicity of current collector stripes; and patterning the
second electrode to form a multiplicity of second elec-
trode stripes, each of the multiplicity of second electrode
stripes corresponding to a different one of the multiplicity
of first electrode stripes; wherein each of the plurality of
cells comprises one of the plurality of first area elec-
trodes, and corresponding portions of current collector
stripe, second electrode stripe, and electrolyte layer.
[0007] According to yet further aspects of the invention,
an energy storage device includes a multiplicity of thin
film cells formed on a single substrate, the multiplicity of
cells being electrically connected in series, each one of
the multiplicity of cells comprising: a current collector on
the surface of the substrate; a first electrode on the cur-
rent collector; a second electrode over the first electrode;
and an electrolyte layer between the first electrode and
the second electrode. A first one of the multiplicity of cells
and a second one of the multiplicity of cells are electrically
connected in series by the current collector stripe corre-
sponding to the first one of the cells being electrically
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contacted to the second electrode stripe corresponding
to the second one of the cells, and wherein the first one
of the cells is adjacent to the second one of the cells on
the substrate.
[0008] According to further aspects of the invention, a
second energy storage device includes a plurality of thin
film cells formed on a single substrate, the plurality of
cells being electrically connected in a network, the net-
work including both parallel and serial electrical connec-
tions between individual cells of the plurality of cells, the
plurality of cells comprising: a multiplicity of current col-
lector stripes on the surface of the substrate, the multi-
plicity of current collector stripes being mutually parallel;
a plurality of first cell electrodes on the multiplicity of cur-
rent collector stripes, the plurality of first cell electrodes
corresponding to the plurality of cells; a multiplicity of
second electrode stripes over the plurality of first cell elec-
trodes, the multiplicity of second electrode stripes being
parallel to the multiplicity of current collector stripes; and
an electrolyte layer between the plurality of first cell elec-
trodes and the multiplicity of second electrode stripes.
The multiplicity of current collector stripes may provide
parallel electrical connection of the plurality of cells. The
plurality of cells may comprise rows of cells, and the rows
of cells may be electrically connected in series with each
other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and other aspects and features of the
present invention will become apparent to those ordinar-
ily skilled in the art upon review of the following descrip-
tion of specific embodiments of the invention in conjunc-
tion with the accompanying figures, wherein:

FIG. 1 is a representation of a reel-to-reel tool set-
up for fabrication of energy storage devices on large
area substrates, according to some embodiments of
the present invention;
FIG. 2 is a schematic diagram of battery cells con-
nected in series;
FIG. 3 is a representation of battery cells on a large
area substrate, corresponding to the schematic dia-
gram of FIG. 2, according to some embodiments of
the present invention;
FIG. 4 is a schematic diagram of battery cells con-
nected both in series and parallel, according to some
embodiments of the present invention;
FIG. 5 is a representation of battery cells on a large
area substrate, corresponding to the schematic dia-
gram of FIG. 4, according to some embodiments of
the present invention;
FIGs. 6A to 6H illustrate an energy storage device
fabrication process, according to some embodi-
ments of the present invention;
FIG. 7 is a schematic diagram of part of the battery
cell network of FIG. 4;
FIG. 8 shows a top view of patterned cathode current

collector and cathode layers corresponding to the
structure of FIGs. 6B and 7, according to some em-
bodiments of the present invention;
FIG. 9 is a cross-section of an energy storage device
showing series electrical connection of energy stor-
age cells, according to some embodiments of the
present invention; and
FIG. 10 is a schematic representation of a process
line for fabrication of energy storage devices, accord-
ing to some embodiments of the present invention.

DETAILED DESCRIPTION

[0010] Embodiments of the present invention will now
be described in detail with reference to the drawings,
which are provided as illustrative examples of the inven-
tion so as to enable those skilled in the art to nractice the
invention. Notablv. the figures and examples below are
not meant to limit the scope of the present invention to a
single embodiment, but other embodiments are possible
by way of interchange of some or all of the described or
illustrated elements. Moreover, where certain elements
of the present invention can be partially or fully imple-
mented using known components, only those portions of
such known components that are necessary for an un-
derstanding of the present invention will be described,
and detailed descriptions of other portions of such known
components will be omitted so as not to obscure the in-
vention. In the present specification, an embodiment
showing a singular component should not be considered
limiting; rather, the invention is intended to encompass
other embodiments including a plurality of the same com-
ponent, and vice-versa, unless explicitly stated otherwise
herein. Moreover, applicants do not intend for any term
in the specification or claims to be ascribed an uncommon
or special meaning unless explicitly set forth as such.
Further, the present invention encompasses present and
future known equivalents to the known components re-
ferred to herein by way of illustration.
[0011] Energy storage devices are described generally
herein, and specific examples of TFB devices are pro-
vided. However, concepts of the present invention are
not limited to TFBs, but are applicable to energy storage
devices generally, including batteries, TFBs, capacitors,
supercapacitors and ultracapacitors. Furthermore, spe-
cific examples of large area TFBs are provided. However,
concepts of the present invention are not limited to large
area energy storage devices, but are applicable to energy
storage devices generally, including micro-power sourc-
es (for micro-sensors, smart cards, etc.), larger pow-
er/energy sources (for cell phones, PDAs, laptops, power
tools, etc.), and large format energy storage devices (me-
ter-scale devices for mounting behind solar panels, for
example).
[0012] The energy storage devices are formed on sub-
strates. Specific examples of flexible large area sub-
strates, suitable for reel-to-reel processing, are provided.
However, concepts of the present invention are not lim-
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ited to large area substrates, but are applicable to energy
storage devices formed on a wide range of substrates,
including semiconductor substrates, large area sub-
strates, flexible large area substrates, conducting/metal-
lic and dielectric substrates, etc.
[0013] Figure 1 is a representation of a reel-to-reel tool
set-up for fabrication of thin film energy storage devices
on large area substrates, according to some embodi-
ments of the present invention. A flexible large area sub-
strate 2 is mounted on reels 3 and is moved through a
processing tool 4, as indicated. The processing tool 4
may include deposition equipment, such as a large area
coater, and patterning equipment. For ease of illustration,
only one processing tool is shown; however, multiple
processing tools may be used on the same reel-to-reel
tool set-up. See Figure 10. The energy storage devices
may comprise large numbers of energy storage device
cells fabricated on the substrate 2. The energy storage
device cells may be formatted as stripes across the width
of the substrate. For example, cathode stripes 5 on cur-
rent collector stripes 7, which are the first two layers in
the energy storage device, are shown in Fig. 1; the cath-
ode stripes define individual cells of an energy storage
device. Alternatively, the energy storage device may be
formatted as rows of smaller energy storage device cells.
For example, cathode areas 6 on current collector stripes
7 are also shown in Fig. 1; the cathode areas define in-
dividual cells of an energy storage device. See below for
a fuller description of the structure of energy storage de-
vices. Clearly, energy storage devices may have a wide
variety of different formats and the embodiments of the
present invention are not limited to the formats shown in
Fig.1.
[0014] Figure 2 is a schematic diagram of battery cells
11, electrically connected in series. A series chain 10 of
battery cells 11, where the battery cells are referred to
as C1, C2, ... , are connected in series by electrical con-
nectors 12. As is well known, such chains 10 of battery
cells 11 provide an output voltage which is a sum of the
voltages across the individual battery cells 11. Figure 3
shows a representation of battery cells with a "stripe"
format on a large area substrate 2 which correspond to
the schematic diagram of Fig. 2, according to some em-
bodiments of the invention. The cathode stripes 5 repre-
sent the general format and layout of the cells; more de-
tails of the cell structure and the way in which they are
connected electrically in series are provided, by way of
example, in the cross-sectional illustrations of Figs. 6A-
6H. The stripes 5 correspond to the patterned cathode
in Figs. 6B-6H. In Fig. 3, the cells are defined by the
stripes 5 and extend across the width of the substrate 2.
The substrate 2 may be a flexible large area substrate,
suitable for reel to reel processing.
[0015] In order to reduce the impact of cell capacity
differences, embodiments of the present invention may
include a network 20 of battery cells 11 which are elec-
trically connected together both in series and in parallel,
as shown schematically in Figure 4. In Fig. 4, an array

20 of battery cells 11, where the battery cells are referred
to as Cm-n where m refers to the column and n refers to
the row, is shown connected in both series and in parallel
by connectors 12 and 13. Figure 5 shows a representa-
tion of an array of battery cells with a format on a large
area substrate 2 which corresponds to the schematic di-
agram of Fig. 4, according to some embodiments of the
invention. The cathode areas 6 represent the general
format and layout of the cells - on each current collector
stripe 7 there are n cathode areas 6, where the cathode
areas 6 define the cells of an energy storage device. More
details of the way in which the cells are connected elec-
trically in series and in parallel are provided, by way of
example, in Fig. 8 and Figs. 6A-6H.
[0016] Figures 6A-6H illustrate a fabrication process
for an energy storage device, according to some embod-
iments of the invention. The particular embodiment
shown in Figs. 6A-6H is a multiplicity of battery cells on
a single substrate. A current collector 102 and then a
cathode 104 (also referred to herein as a first electrode)
are deposited on a substrate 100, to provide the structure
shown in Fig. 6A. The current collector 102 and cathode
104 are patterned using well known lithographic tech-
niques, to provide the structure shown in Fig. 6B. The
current collector has been patterned to form a multiplicity
of current collector stripes - for example, see the current
collector stripes 7 in Figs. 1, 3 and 5. The cathode has
been patterned to form a multiplicity of cathode struc-
tures. The cathode structures may be cathode stripes 5,
as shown in Figs. 1 and 3, or cathode areas 6, as shown
in Figs. 1, 5 and 8. An electrolyte 106 is deposited over
the patterned current collector and cathode, to provide
the structure shown in Fig. 6C. The electrolyte 106 is
then patterned using well known lithographic techniques,
to provide the structure shown in Fig. 6D. The patterned
gaps in the electrolyte 106 are for making electrical con-
tact to the patterned current collector 102. An anode 108
(also referred to herein as a second electrode) is depos-
ited over the patterned electrolyte, and makes electrical
contact to the current collector 102 through the gaps in
the patterned electrolyte 106, to provide the structure
shown in Fig. 6E. The anode 108 is patterned using well
known lithographic techniques in order to provide cell
isolation, as shown in Fig. 6F. A final protective coating
110 is deposited, to provide the structure shown in Fig.
6G. The final protective coating 110 is patterned using
well known lithographic techniques to provide gaps in the
protective coating to allow external electrical contact to
the series chain of battery cells, as shown in Fig. 6H.
Note that herein "well-known lithographic techniques"
covers a wide range of lithographic techniques known in
the industry, including photolithography, resist-based
techniques, resistless techniques such as laser-based
patterning, etc.
[0017] In some embodiments of the present invention,
the layer 108 may include both an anode and a protective
coating for the underlying anode layer - the anode would
be deposited first, and the protective coating second. For
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example, if the anode is a reactive metal such as lithium,
then a protective coating is required if the structure is to
be exposed to air for patterning. The protective coating
may include blanket deposition of metals and dielectrics.
Examples of potentially suitable metals are Cu, Ti and
Al. Suitable dielectric oxides would need to be stable in
contact with the anode. Furthermore, the protective coat-
ing may also be an anode current collector. The pattern-
ing of layer 108, for this embodiment, is the same as
described above.
[0018] In further embodiments of the present invention,
the layer 108 may include both an anode and an anode
current collector - the anode would be deposited first,
and the anode current collector second. The patterning
of layer 108, for this embodiment is the same as de-
scribed above.
[0019] Figure 7 shows a detail of the battery cell net-
work of Fig. 4, and Figure 8 shows a top view of the
patterned current collector 102 and cathode layer 104
corresponding to the structure of Fig. 7. Fig. 8 shows the
cathode areas 6 for four energy storage cells. The current
collector, which is patterned in stripes 7, as seen in Fig.
8, provides the parallel connection between individual
cells. Note that the cross-sectional plane X-X in Fig. 8 is
the same as the cross-sectional plane of Figs. 6A-6H.
Furthermore, the cross-section X-X is the same as the
two cells shown in cross-section in Fig. 6B.
[0020] Figure 9 shows a version of Fig. 6H in which
the series electrical connection of energy storage device
cells, such as battery cells, is clearly indicated. A first
energy storage device cell comprises a first current col-
lector 910, a first cathode 912, a first electrolyte 914 and
a first anode 916. A second energy storage device com-
prises a second current collector 920, a second cathode
922, a second electrolyte 924 and a second anode 926.
External electrical connection to the energy storage de-
vice is made through electrical leads 904 and 908. Elec-
trical lead 904 is connected to a first pad 902 and elec-
trical lead 908 is connected to the second current collec-
tor 920. Series connection of the cells is as follows: the
first anode 916 is connected to the first pad 902, the first
current collector 910 is connected to the second anode
926, and the second current collector 920 is connected
to the electrical lead 908. The example given in Fig. 9
shows two cells; however, any number of cells may be
connected together in series, as indicated in Figs. 2 and
4.
[0021] Referring again to Figs. 3, 5, 6A-6H and 8, the
energy storage device cells may include the cathode
stripes or cathode area electrodes. For example, an en-
ergy storage device cell may include a current collector
stripe, the corresponding cathode stripe, the correspond-
ing anode stripe, and the corresponding portion of elec-
trolyte layer. The current collector stripe, cathode stripe
and anode stripe may be mutually parallel. Alternatively,
an energy storage device may include a cathode area
electrode, the corresponding portion of current collector
stripe, the corresponding portion of anode stripe, and the

corresponding portion of electrolyte layer. In this latter
embodiment, the cathode area electrodes may be ar-
ranged in a row where the row is parallel to the current
collector stripe and the anode stripe.
[0022] The energy storage devices may be packaged
in different formats. For example, energy storage devices
on flexible substrates may be rolled into cylinders. Alter-
natively, energy storage devices may be stacked, and
the stacked devices may be electrically connected to-
gether, either serially and/or in parallel. Furthermore, en-
ergy storage devices may be stacked and then rolled.
Dimensions of typical packaged devices may vary from
millimeter up to meter scale. The energy storage devices
are suitable for a very wide range of applications, includ-
ing applications requiring one or more of high power, high
energy, and high voltage (multiples of single cell voltage).
Note that the voltage per cell for a typical thin film battery
may be expected to be around 3 to 5 V, and connecting
these cells in series may allow much higher voltages to
be achieved.
[0023] Embodiments of the energy storage devices de-
scribed herein may be comprised of negative electrode
(anode) materials with high charge capacity and high
voltage tolerance, positive electrode (cathode) materials
with high charge capacity, and electrolytes with high elec-
trochemical stability. The positive electrode materials
may include transition metal oxides, phosphates, fluori-
nated oxides and phosphates, and various mixtures
thereof. Examples of metal oxide positive electrode ma-
terials are layered materials, such as LiCoO2 and LinNix-
CoyAlzOm, spinel materials such as LiMn2O4 and Co/Ni
substituted Mn oxide, and olivine materials such as
LiFePO4. Examples of materials that have high voltage
tolerance include LiCoPO4 and LiNiPO4, with open circuit
voltages of ∼ 4.8 and 5.2V, respectively, with respect to
a Li metal negative electrode. These materials also
present high charge capacities of ∼ 170 mAh/gm.
[0024] High charge capacity negative electrode mate-
rials may include Si, Sn, Ge, Al, etc., which will form binary
alloys with the ionic charge carrier, Li. The use of such
materials offers the potential to eliminate the use of pure
Li, which presents significant challenges and complexity
in manufacturing. One of the biggest concerns about the
alloy negative electrode materials is the potential for
stress in the deposited electrode material resulting from
large volume changes during charging (MLix --> M + xLi)
and discharging (M + xLi --> MLix) cycles. The build-up
of stress may be alleviated by using nano-structuring of
the deposited layers in grain size, density or porosity, for
example, to allow "breathing" of the negative electrode
materials during these cycling events.
[0025] All of these positive and negative electrode ma-
terials may be used in fabricating energy storage devices.
Various deposition methods, including standard vacuum
deposition methods and non-vacuum deposition meth-
ods may be used. For vacuum deposition, PVD and CVD
techniques may be used. For doping of the electrode
materials, sputter deposition may be used with target ma-
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terials with the desired composition. Alternatively, the
electrode materials may be co-sputtered from several
targets to form the correct composition, and, if needed,
in a reactive environment. Such methods may be used
to add a carbon coating as well. Modulation of the grain
structure to achieve nano-structured or porous materials
may be achieved by controlling the deposition processes.
For example, low temperature deposition may be used
to limit the diffusion kinetics and control the grain growth.
Various non-vacuum deposition techniques may be
used, including ink jet printing, spray coating, spin coat-
ing, etc., using appropriate ink, dispersion, and etc., with
the desired material composition and grain structure al-
ready created prior to deposition.
[0026] Electrolytes are desired that have high ionic
conductivity, low electrical conductivity and a high and
broad electrochemical stability window. There are sev-
eral candidate materials that may be used in embodi-
ments of the energy storage devices. For vacuum de-
posited materials, lithium phosphorous oxynitride
(LiPON) and variation thereof, lithium containing metal
oxides like silicates, tantalates, and etc., and ternary
combinations of LiO2, P2O5 and P2S5. Suitable liquid (at
room temperature) electrolyte candidates may be ionic
liquids and molten salts with solvated Li salts.
[0027] Embodiments of the energy storage devices
with large form factors may be fabricated using large-
area coaters, such as coaters used in the flat panel dis-
play, glass coating and thin film solar photovoltaic indus-
tries. Large-area coating systems may be beneficial for
scaling of production as well as being able to efficiently
handle the product’s large size and manufacturing worthy
throughputs.
[0028] Figure 10 shows a schematic representation of
a process line 1000 according to some embodiments of
the present invention. The process line may be set-up
as a linear processing system. Furthermore, the process
line may be compatible with flexible thin film substrates
and may use a reel-to-reel set-up such as shown in Fig.
1. The process line 1000 comprises multiple process
tools 1010, such as deposition tools and patterning tools.
The substrates/flexible substrate move through the proc-
ess tools 1010 serially as indicated by the arrows. The
process tools 1010 may be chosen to fabricate energy
storage devices according to any of the methods de-
scribed above. For example, the process tools 1010 may
include:
deposition tools for depositing layers corresponding to a
thin film energy storage device on a substrate, the layers
including, in order of deposition, a current collector, a first
electrode, an electrolyte and a second electrode; a first
patterning tool to pattern the current collector; a second
patterning tool to pattern the first electrode; and a third
patterning tool to pattern the second electrode. Note that
the order of process tools in the process line will be de-
termined by the particular fabrication method being used.
[0029] Although the present invention has been par-
ticularly described with reference to certain embodiments

thereof, it should be readily apparent to those of ordinary
skill in the art that changes and modifications in the form
and details may be made without departing from the spirit
and scope of the invention. It is intended that the append-
ed claims encompass such changes and modifications.
The following claims define the present invention.

Claims

1. A method of manufacturing an energy storage de-
vice, said energy storage device including a plurality
of cells (11) integrated on a substrate (2, 100), said
plurality of cells being electrically connected in serial
and in parallel, said method comprising:

providing said substrate;
depositing layers corresponding to a thin film en-
ergy storage device on said substrate, said lay-
ers including, in order of deposition, a current
collector (102), a first electrode (104), an elec-
trolyte (106) and a second electrode (108);
patterning said current collector (102) to form a
multiplicity of current collector stripes (7);
patterning said first electrode (104) to form a plu-
rality of first area electrodes (6) on said multi-
plicity of current collector stripes (7), said plural-
ity of first area electrodes being formed in a mul-
tiplicity of first area electrode rows, each of said
multiplicity of first area electrode rows corre-
sponding to a different one of said multiplicity of
current collector stripes; and
patterning said second electrode (108) to form
a multiplicity of second electrode stripes, each
of said multiplicity of second electrode stripes
corresponding to a different one of said plurality
of first area electrodes (6), wherein the second
electrode (108) is deposited over a patterned
electrolyte, and makes electrical contact to the
current collector (102) through the gaps in the
patterned electrolyte (106);
wherein each of said plurality of cells (11) com-
prises one of said plurality of first area electrodes
(6), and corresponding portions of current col-
lector stripe (7), second electrode stripe, and
electrolyte layer (106).

2. An energy storage device including:
a plurality of thin film cells (11) formed on a single
substrate (2, 100), said plurality of cells being elec-
trically connected in a network, said network includ-
ing both parallel and serial electrical connections be-
tween individual cells of said plurality of cells, said
plurality of cells comprising:

a multiplicity of current collector stripes (7) on
the surface of said substrate, said multiplicity of
current collector stripes being mutually parallel;
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a plurality of first cell electrodes (6) on said mul-
tiplicity of current collector stripes, said plurality
of first cell electrodes corresponding to said plu-
rality of cells;
a multiplicity of second electrode stripes over
said plurality of first cell electrodes (6), said mul-
tiplicity of second electrode stripes being parallel
to said multiplicity of current collector stripes (7);
and
an electrolyte layer (106) between said plurality
of first cell electrodes (6) and said multiplicity of
second electrode stripes, wherein the second
electrode (108) is deposited over a patterned
electrolyte, and makes electrical contact to the
current collector (102) through the gaps in the
patterned electrolyte (106).

3. An energy storage device as in claim 2, wherein said
multiplicity of current collector stripes (7) provide par-
allel electrical connection of said plurality of cells
(11).

4. An energy storage device as in claim 2, wherein said
plurality of cells (11) comprises rows of cells, and
wherein said rows of cells are electrically connected
in series with each other.

5. An energy storage device as in claim 4, wherein a
first one of said rows of cells and a second one of
said rows of cells are electrically connected in series
by the current collector stripe (7) corresponding to
said first one of said rows of cells being electrically
in contact to the second electrode stripe correspond-
ing to said second one of said rows of cells, and
wherein said first one of said rows of cells is adjacent
to said second one of said rows of cells on said sub-
strate (2, 100).

6. A method of manufacturing an energy storage de-
vice, said energy storage device including a multi-
plicity of cells (11) integrated on a substrate (2, 100),
said multiplicity of cells being electrically connected
in serial, said method comprising:

providing said substrate;
depositing layers corresponding to a thin film en-
ergy storage device on said substrate, said lay-
ers including, in order of deposition, a current
collector (102), a first electrode (104), an elec-
trolyte (106) and a second electrode (108);
patterning said current collector to form a multi-
plicity of current collector stripes (7);
patterning said first electrode to form a multiplic-
ity of first electrode stripes (5), each of said first
electrode stripes being on top of a correspond-
ing one of said multiplicity of current collector
stripes; and
patterning said second electrode to form a mul-

tiplicity of second electrode stripes, each of said
multiplicity of second electrode stripes corre-
sponding to one of said multiplicity of first elec-
trode stripes (5), wherein the second electrode
(108) is deposited over a patterned electrolyte,
and makes electrical contact to the current col-
lector (102) through the gaps in the patterned
electrolyte (106);
wherein each of said multiplicity of electrically
connected cells (11) comprises one of said mul-
tiplicity of current collector stripes (7), said cor-
responding one of said multiplicity of first elec-
trode stripes (5), said corresponding one of said
multiplicity of second electrode stripes, and a
corresponding portion of the layer of said elec-
trolyte (106).

7. A method as in claim 6, wherein said multiplicity of
current collector stripes (7), said multiplicity of first
electrode stripes (5) and said multiplicity of second
electrode stripes are mutually parallel.

8. A method as in claim 6, wherein said multiplicity of
cells (11) are configured in a serial chain of cells (10),
and wherein the current collector stripe (7) corre-
sponding to one of said multiplicity of cells is electri-
cally connected to the second electrode stripe cor-
responding to the cell adjacent to said one of said
multiplicity of cells.

9. An energy storage device including:
a multiplicity of thin film cells (11) formed on a single
substrate (2, 100), said multiplicity of cells being
electrically connected in series, each one of said
multiplicity of cells comprising:

a current collector (102) on the surface of said
substrate;
a first electrode (104) on said current collector;
a second electrode (108) over said first elec-
trode; and
an electrolyte layer (106) between said first elec-
trodes and said second electrode, wherein the
second electrode (108) is deposited over a pat-
terned electrolyte, and makes electrical contact
to the current collector (102) through the gaps
in the patterned electrolyte (106).

10. An energy storage device as in claim 9, wherein the
multiplicity of current collectors (102) are configured
in parallel stripes (7), wherein the multiplicity of sec-
ond electrodes (108) are configured in parallel
stripes, and wherein the multiplicity of current collec-
tors are configured parallel to the multiplicity of sec-
ond electrodes.

11. An energy storage device as in claim 10, wherein
the multiplicity of first electrodes (104) are configured
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in parallel stripes (5), and wherein the multiplicity of
first electrodes are configured parallel to the multi-
plicity of current collectors.

12. An energy storage device as in claim 9, wherein a
first one of said multiplicity of cells and a second one
of said multiplicity of cells are electrically connected
in series by the current collector stripe (7) corre-
sponding to said first one of said cells being electri-
cally contacted to the second electrode stripe corre-
sponding to said second one of said cells, and where-
in said first one of said cells is adjacent to said second
one of said cells on said substrate (2, 100).

Patentansprüche

1. Verfahren zur Herstellung einer Energiespeicher-
vorrichtung, wobei die Energiespeichervorrichtung
mehrere Zellen (11), die auf einem Substrat (2, 100)
integriert sind, beinhaltet, wobei die mehreren Zellen
elektrisch in Reihe und parallel geschaltet sind, wo-
bei das Verfahren Folgendes umfasst:

Bereitstellen des Substrats;
Abscheiden von Schichten, die einer Dünn-
schicht-Energiespeichervorrichtung entspre-
chen, auf dem Substrat, wobei die Schichten, in
der Reihenfolge der Abscheidung, einen Strom-
kollektor (102), eine erste Elektrode (104), einen
Elektrolyt (106) und eine zweite Elektrode (108)
beinhalten;
Mustern des Stromkollektors (102) zum Bilden
einer Vielzahl von Stromkollektorstreifen (7);
Mustern der ersten Elektrode (104) zum Bilden
mehrerer erster Flächenelektroden (6) auf der
Vielzahl von Stromkollektorstreifen (7), wobei
die mehreren ersten Flächenelektroden in einer
Vielzahl erster Flächenelektrodenreihen gebil-
det sind, wobei jede der Vielzahl erster Flächen-
elektrodenreihen einem unterschiedlichen der
Vielzahl von Stromkollektorstreifen entspricht;
und
Mustern der zweiten Elektrode (108) zum Bilden
einer Vielzahl zweiter Elektrodenstreifen, wobei
jeder der Vielzahl zweiter Elektrodenstreifen ei-
ner unterschiedlichen der mehreren ersten Flä-
chenelektroden (6) entspricht, wobei die zweite
Elektrode (108) über einem gemusterten Elek-
trolyt abgeschieden ist und durch die Spalten in
dem gemusterten Elektrolyt (106) in elektri-
schem Kontakt mit dem Stromkollektor (102)
steht;
wobei jede der mehreren Zellen (11) eine der
mehreren ersten Flächenelektroden (6) und ent-
sprechende Abschnitte des Stromkollektorstrei-
fens (7), des zweiten Elektrodenstreifens und
der Elektrolytschicht (106) umfasst.

2. Energiespeichervorrichtung, welche Folgendes be-
inhaltet: mehrere Dünnschichtzellen (11), die auf ei-
nem einzelnen Substrat (2, 100) gebildet sind, wobei
die mehreren Zellen elektrisch in einem Netzwerk
geschaltet sind, wobei das Netzwerk sowohl elektri-
sche Parallelschaltung als auch elektrische Reihen-
schaltung zwischen einzelnen Zellen der mehreren
Zellen beinhaltet, wobei die mehreren Zellen Folgen-
des umfassen:

eine Vielzahl von Stromkollektorstreifen (7) auf
der Oberfläche des Substrats, wobei die Viel-
zahl von Stromkollektorstreifen parallel zuein-
ander sind;
mehrere erste Zellelektroden (6) auf der Vielzahl
von Stromkollektorstreifen, wobei die mehreren
ersten Zellelektroden den mehreren Zellen ent-
sprechen;
eine Vielzahl zweiter Elektrodenstreifen über
den mehreren ersten Zellelektroden (6), wobei
die Vielzahl zweiter Elektrodenstreifen parallel
zu der Vielzahl von Stromkollektorstreifen (7) ist;
und
eine Elektrolytschicht (106) zwischen den meh-
reren ersten Zellelektroden (6) und der Vielzahl
zweiter Elektrodenstreifen, wobei die zweite
Elektrode (108) über einem gemusterten Elek-
trolyt abgeschieden ist und durch die Spalten in
dem gemusterten Elektrolyt (106) in elektri-
schem Kontakt mit dem Stromkollektor (102)
steht.

3. Energiespeichervorrichtung nach Anspruch 2, wo-
bei die Vielzahl von Stromkollektorstreifen (7) eine
elektrische Parallelschaltung der mehreren Zellen
(11) bereitstellt.

4. Energiespeichervorrichtung nach Anspruch 2, wo-
bei die mehreren Zellen (11) Reihen von Zellen um-
fassen und wobei die Reihen von Zellen elektrisch
miteinander in Reihe geschaltet sind.

5. Energiespeichervorrichtung nach Anspruch 4, wo-
bei eine erste der Reihen von Zellen und eine zweite
der Reihen von Zellen durch den Stromkollektor-
streifen (7) elektrisch in Reihe geschaltet sind, wo-
durch die erste der Reihen von Zellen elektrisch in
Kontakt mit dem zweiten Elektrodenstreifen steht,
welcher der zweiten der Reihen von Zellen ent-
spricht, und wobei die erste der Reihen von Zellen
neben der zweiten der Reihen von Zellen auf dem
Substrat (2, 100) liegt.

6. Verfahren zur Herstellung einer Energiespeicher-
vorrichtung, wobei die Energiespeichervorrichtung
eine Vielzahl von Zellen, die (11) auf einem Subst-
rate (2, 100) integriert sind, beinhaltet, wobei die
Vielzahl von Zellen elektrisch in Reihe geschaltet
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sind, wobei das Verfahren Folgendes umfasst:

Bereitstellen des Substrats;
Abscheiden von Schichten, die einer Dünn-
schicht-Energiespeichervorrichtung entspre-
chen, auf dem Substrat, wobei die Schichten, in
der Reihenfolge der Abscheidung, einen Strom-
kollektor (102), eine erste Elektrode (104), einen
Elektrolyt (106) und eine zweite Elektrode (108)
beinhalten;
Mustern des Stromkollektors zum Bilden einer
Vielzahl von Stromkollektorstreifen (7);
Mustern der ersten Elektrode zum Bilden einer
Vielzahl erster Elektrodenstreifen (5), wobei
sich jeder der ersten Elektrodenstreifen oben
auf einem entsprechenden der Vielzahl von
Stromkollektorstreifen befindet; und
Mustern der zweiten Elektrode zum Bilden einer
Vielzahl zweiter Elektrodenstreifen, wobei jeder
der Vielzahl zweiter Elektrodenstreifen einem
der Vielzahl erster Elektrodenstreifen (5) ent-
spricht, wobei die zweite Elektrode (108) über
einem gemusterten Elektrolyt abgeschieden ist
und durch die Spalten im gemusterten Elektrolyt
(106) in elektrischem Kontakt mit dem Strom-
kollektor (102) steht;
wobei jede der Vielzahl elektrisch verbundener
Zellen (11) einen der Vielzahl von Stromkollek-
torstreifen (7), den entsprechenden der Vielzahl
erster Elektrodenstreifen (5), den entsprechen-
den der Vielzahl zweiter Elektrodenstreifen und
einen entsprechenden Abschnitt der Schicht
des Elektrolyts (106) umfasst.

7. Verfahren nach Anspruch 6, wobei die Vielzahl von
Stromabnehmerstreifen (7), die Vielzahl erster
Stromkollektorstreifen (5) und die Vielzahl zweiter
Elektrodenstreifen parallel zueinander sind.

8. Verfahren nach Anspruch 6, wobei die Vielzahl von
Zellen (11) in einer Kette von Zellen (10) in Reihe
konfiguriert ist und wobei der Stromkollektorstreifen
(7), der einer der Vielzahl von Zellen entspricht, elek-
trisch mit dem zweiten Elektrodenstreifen, welcher
der Zelle neben der einen der Vielzahl von Zellen
entspricht, verbunden ist.

9. Energiespeichervorrichtung, welche Folgendes be-
inhaltet:
eine Vielzahl von Dünnschichtzellen (11), die auf ei-
nem einzelnen Substrat (2, 100) gebildet sind, wobei
die Vielzahl von Zellen elektrisch in Reihe geschaltet
ist, wobei jede der Vielzahl von Zellen Folgendes
umfasst:

einen Stromkollektor (102) auf der Oberfläche
des Substrats;
eine erste Elektrode (104) auf dem Stromkollek-

tor;
eine zweite Elektrode (108) über der ersten
Elektrode; und
eine Elektrolytschicht (106) zwischen der ersten
Elektrode und der zweiten Elektrode, wobei die
zweite Elektrode (108) über einem gemusterten
Elektrolyt abgeschieden ist und durch die Spal-
ten in dem gemusterten Elektrolyt (106) in elek-
trischem Kontakt mit dem Stromkollektor (102)
steht.

10. Energiespeichervorrichtung nach Anspruch 9, wo-
bei die Vielzahl von Stromkollektoren (102) in paral-
lelen Streifen (7) konfiguriert ist, wobei die Vielzahl
zweiter Elektroden (108) in parallelen Streifen kon-
figuriert ist und wobei die Vielzahl von Stromkollek-
toren parallel zu der Vielzahl zweiter Elektroden kon-
figuriert ist.

11. Energiespeichervorrichtung nach Anspruch 10, wo-
bei die Vielzahl erster Elektroden (104) in parallelen
Streifen (5) konfiguriert ist und wobei die Vielzahl
erster Elektroden parallel zu der Vielzahl von Strom-
kollektoren konfiguriert ist.

12. Energiespeichervorrichtung nach Anspruch 9, wo-
bei eine erste der Vielzahl von Zellen und eine zweite
der Vielzahl von Zellen durch den Stromkollektor
streifen (7) elektrisch in Reihe geschaltet sind, wo-
durch die erste der Zellen in elektrischem Kontakt
mit dem zweiten Elektrodenstreifen steht, welcher
der zweiten der Zellen entspricht, und wobei die ers-
te der Zellen neben der zweiten der Zellen auf dem
Substrat (2, 100) liegt.

Revendications

1. Procédé de fabrication d’un dispositif de stockage
d’énergie, ledit dispositif de stockage d’énergie com-
prenant une pluralité de cellules (11) intégrées sur
un substrat (2, 100), ladite pluralité de cellules étant
raccordées électriquement en série et en parallèle,
ledit procédé comprenant :

la fourniture dudit substrat ;
le dépôt de couches correspondant à un dispo-
sitif de stockage d’énergie à film mince sur ledit
substrat, lesdites couches comprenant, par or-
dre de dépôt, un collecteur de courant (102),
une première électrode (104), un électrolyte
(106) et une deuxième électrode (108) ;
la structuration dudit collecteur de courant (102)
pour former une multiplicité de bandes de col-
lecteur de courant (7) ;
la structuration de ladite première électrode
(104) pour former une pluralité de premières
électrodes de zone (6) sur ladite multiplicité de
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bandes de collecteur de courant (7), ladite plu-
ralité de premières électrodes de zone étant for-
mées dans une multiplicité de premières ran-
gées d’électrodes de zone, chacune de ladite
multiplicité de premières rangées d’électrodes
de zone correspondant à l’une différente de la-
dite multiplicité de bandes de collecteur de
courant ; et
la structuration de ladite deuxième électrode
(108) pour former une multiplicité de deuxièmes
bandes d’électrode, chacune de ladite multipli-
cité de deuxièmes bandes d’électrode corres-
pondant à l’une différente de ladite pluralité de
premières électrodes de zone (6), dans lequel
la deuxième électrode (108) est déposée sur un
électrolyte structuré, et établit un contact élec-
trique avec le collecteur de courant (102) à tra-
vers les espacements dans l’électrolyte structu-
ré (106) ;
dans lequel chacune de ladite pluralité de cel-
lules (11) comprend l’une de ladite pluralité de
premières électrodes de zone (6), et des por-
tions correspondantes d’une bande de collec-
teur de courant (7), d’une deuxième bande
d’électrode, et d’une couche d’électrolyte (106).

2. Dispositif de stockage d’énergie comprenant :
une pluralité de cellules à film mince (11) formées
sur un substrat unique (2, 100), ladite pluralité de
cellules étant raccordées électriquement dans un ré-
seau, ledit réseau comprenant des raccordements
électriques en parallèle et en série entre des cellules
individuelles de ladite pluralité de cellules, ladite plu-
ralité de cellules comprenant :

une multiplicité de bandes de collecteur de cou-
rant (7) sur la surface dudit substrat, ladite mul-
tiplicité de bandes de collecteur de courant étant
réciproquement parallèles ;
une pluralité de premières électrodes de cellules
(6) sur ladite multiplicité de bandes de collecteur
de courant, ladite pluralité de premières électro-
des de cellules correspondant à ladite pluralité
de cellules ;
une multiplicité de deuxièmes bandes d’électro-
de sur ladite pluralité de premières électrodes
de cellules (6), ladite multiplicité de deuxièmes
bandes d’électrode étant parallèles à ladite mul-
tiplicité de bandes de collecteur de courant (7) ;
et
une couche d’électrolyte (106) entre ladite plu-
ralité de premières électrodes de cellules (6) et
ladite multiplicité de deuxièmes bandes d’élec-
trode, dans lequel la deuxième électrode (108)
est déposée dessus un électrolyte structuré, et
établit un contact électrique avec le collecteur
de courant (102) à travers les espacements
dans l’électrolyte structuré (106).

3. Dispositif de stockage d’énergie selon la revendica-
tion 2, dans lequel ladite multiplicité de bandes de
collecteur de courant (7) fournissent un raccorde-
ment électrique parallèle de ladite pluralité de cellu-
les (11).

4. Dispositif de stockage d’énergie selon la revendica-
tion 2, dans lequel ladite pluralité de cellules (11)
comprend des rangées de cellules, et dans lequel
lesdites rangées de cellules sont raccordées électri-
quement en série l’une à l’autre.

5. Dispositif de stockage d’énergie selon la revendica-
tion 4, dans lequel une première desdites rangées
de cellules et une deuxième desdites rangées de
cellules sont électriquement raccordées en série par
la bande de collecteur de courant (7) correspondant
à ladite première desdites rangées de cellules étant
électriquement en contact avec la deuxième bande
d’électrode correspondant à ladite deuxième desdi-
tes rangées de cellules, et dans lequel ladite premiè-
re desdites rangées de cellules est adjacente à ladite
deuxième desdites rangées de cellules sur ledit
substrat (2, 100).

6. Procédé de fabrication d’un dispositif de stockage
d’énergie, ledit dispositif de stockage d’énergie com-
prenant une multiplicité de cellules (11) intégrées
sur un substrat (2, 100), ladite multiplicité de cellules
étant raccordées électriquement en série, ledit pro-
cédé comprenant :

la fourniture dudit substrat ;
le dépôt de couches correspondant à un dispo-
sitif de stockage d’énergie à film mince sur ledit
substrat, lesdites couches comprenant, par or-
dre de dépôt, un collecteur de courant (102),
une première électrode (104), un électrolyte
(106) et une deuxième électrode (108) ;
la structuration dudit collecteur de courant pour
former une multiplicité de bandes de collecteur
de courant (7) ;
la structuration de ladite première électrode
pour former une multiplicité de premières ban-
des d’électrode (5), chacune desdites premières
bandes d’électrode étant dessus l’une corres-
pondante de ladite multiplicité de bandes de col-
lecteur de courant ; et
la structuration de ladite deuxième électrode
pour former une multiplicité de deuxièmes ban-
des d’électrode, chacune de ladite multiplicité
de deuxièmes bandes d’électrode correspon-
dant à l’une de ladite multiplicité de premières
bandes d’électrode (5), dans lequel la deuxième
électrode (108) est déposée sur un électrolyte
structuré, et établit un contact électrique avec le
collecteur de courant (102) à travers les espa-
cements dans l’électrolyte structuré (106) ;
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dans lequel chacune de ladite multiplicité de cel-
lules raccordées électriquement (11) comprend
l’une de ladite multiplicité de bandes de collec-
teur de courant (7), ladite une correspondante
de ladite multiplicité de premières bandes
d’électrode (5), ladite une correspondante de la-
dite multiplicité de deuxièmes bandes d’électro-
de, et une portion correspondante de la couche
dudit électrolyte (106).

7. Procédé selon la revendication 6, dans lequel ladite
multiplicité de bandes de collecteur de courant (7),
ladite multiplicité de premières bandes d’électrode
(5) et ladite multiplicité de deuxièmes bandes d’élec-
trode sont réciproquement parallèles.

8. Procédé selon la revendication 6, dans lequel ladite
multiplicité de cellules (11) sont configurées dans
une chaîne en série de cellules (10), et dans lequel
la bande de collecteur de courant (7) correspondant
à l’une de ladite multiplicité de cellules est raccordée
électriquement à la deuxième bande d’électrode cor-
respondant à la cellule adjacente à ladite une de
ladite multiplicité de cellules.

9. Dispositif de stockage d’énergie comprenant :
une multiplicité de cellules à film mince (11) formées
sur un substrat unique (2, 100), ladite multiplicité de
cellules étant raccordées électriquement en série,
chacune de ladite multiplicité de cellules
comprenant :

un collecteur de courant (102) sur la surface du-
dit substrat ;
une première électrode (104) sur ledit collecteur
de courant ;
une deuxième électrode (108) dessus ladite pre-
mière électrode ; et
une couche d’électrolyte (106) entre ladite pre-
mière électrode et ladite deuxième électrode,
dans lequel la deuxième électrode (108) est dé-
posée dessus un électrolyte structuré, et établit
un contact électrique avec le collecteur de cou-
rant (102) à travers les espacements dans l’élec-
trolyte structuré (106).

10. Dispositif de stockage d’énergie selon la revendica-
tion 9, dans lequel la multiplicité de collecteurs de
courant (102) sont configurés en bandes parallèles
(7), dans lequel la multiplicité de deuxièmes électro-
des (108) sont configurées en bandes parallèles, et
dans lequel la multiplicité de collecteurs de courant
sont configurés parallèlement à la multiplicité de
deuxièmes électrodes.

11. Dispositif de stockage d’énergie selon la revendica-
tion 10, dans lequel la multiplicité de premières élec-
trodes (104) sont configurées en bandes parallèles

(5), et dans lequel la multiplicité de premières élec-
trodes sont configurées parallèlement à la multipli-
cité de collecteurs de courant.

12. Dispositif de stockage d’énergie selon la revendica-
tion 9, dans lequel une première de ladite multiplicité
de cellules et une deuxième de ladite multiplicité de
cellules sont raccordées électriquement en série par
la bande de collecteur de courant (7) correspondant
à ladite première desdites cellules étant en contact
électrique avec la deuxième bande d’électrode cor-
respondant à ladite deuxième desdites cellules, et
dans lequel ladite première desdites cellules est ad-
jacente à ladite deuxième desdites cellules sur ledit
substrat (2, 100).
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